BACKGROUND: Hydroxyethyl starch (HES) is in widespread clinical use for volume therapy with colloids. According to the most recent meta-analysis performed in 2010, published studies are of poor quality and report too few events to reliably estimate the benefits or risks of administering 6% HES 130/0.4. As results from new trials, reporting on a large number of events became available in 2011 and 2012, an updated meta-analysis was performed. METHODS: Randomised controlled trials comparing the effects of 6% HES 130/0.4 with other colloid or crystalloid solutions were analysed for pooled effect size on mortality in eligible studies published up to 20 February 2012. RESULTS: Overall, 13 studies reporting 1,131 participants met the inclusion criteria. The weight of evidence contributed by the two new trials was 51.3%. The pooled relative risk (RR) for mortality increased to 1.14 with a 95% confidence interval (CI) of 0.89 to 1.46. Publication bias favoring HES 130/0.4 was present (p = 0.038). Adjustment for the observed publication bias increased the RR for mortality to 1.25 (CI, 0.98 to 1.58; p = 0.069). No heterogeneity was found (I 2 , 0%; CI, 0% to 32%; p = 0.81). CONCLUSIONS: Large-scale trials should help more precisely to determine the effect of HES 130/0.4 on mortality. In the interim, best current evidence suggests a trend toward higher mortality among HES 130/0.4 recipients.
Introduction
Despite its widespread use, concerns about possible detrimental effects on kidney function were already raised by [1] for hydroxyethyl starch (HES) with molecular weight of ≥200 kDa and/or degree of substitution >0.4 in the setting of severe sepsis. Recently, the retraction of numerous studies claiming excellent tolerance of lower molecular weight HES solutions (6% HES 130/0.4) also raised suspicion about possible adverse effects due to this newer group of HES [2] . Gattas and co-workers presented a meta-analysis of RCTs evaluating the effect of HES 130/0.4 on mortality in the January 2012 issue of Anesthesia & Analgesia [3] . The pooled relative risk (RR) of death was computed with its 95% confidence interval (CI) under a random effects model for 11 unretracted trials [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . HES 130/0.4 showed no significant effect on mortality (RR, 0.95; CI 0.64-1.42). However, trials reported in 2011 and 2012 have not been not included in that meta-analysis whose search strategy was confined to 24 December 2010.
Methods
RCTs were sought in which HES 130/0.4 was compared with crystalloid or colloid control fluid for intravascular volume expansion in patients >18 years of age suffering acute illness or undergoing major surgery. Mortality was the endpoint of the meta-analysis, and only RCTs with available mortality data were eligible for inclusion. At least one death must have occurred so that relative mortality risk could be computed. Both published and unpublished trials were sought. Publication bias is a recognised threat to the validity of meta-analyses, and inclusion of unpublished data when available can help reduce this threat [15] . The search strategy was generally similar to that described by Gattas et al. [3] . Briefly, computer searches were performed in MEDLINE, EMBASE, the Cochrane Library, controlled-trials.com, ClinicalTrials.gov and the abstract databases of major meetings in surgery, anaesthesiology and intensive care. Search terms included: fluid therapy; volume expansion; resuscitation; rehydration; blood substitutes; colloids; hetastarch; hydroxyethyl starch; pentastarch; Voluven; tetrastarch; randomised controlled trial; and random allocation. Roots and variants of these terms were also used. However, whereas Gattas et al. [3] [2] . Other available information casts further doubt upon the reliability of any trial reported by Boldt et al. Specifically, at least one other cardiac surgery RCT by those investigators is already known to have been fabricated [2] , results from 5 of their RCTs in patients with trauma or sepsis showed extreme homogeneity consistent with fraud [19] and data in 4 of their publications were found to have been manipulated [20] . Investigations into the work of Boldt et al. remain ongoing. In a sensitivity analysis, Gattas et al. [3] demonstrated that mortality results in the 6 retracted RCTs of Boldt et al. were much more favorable to HES 130/0.4 (pooled RR, 0.73) than in the other included trials of their meta-analysis (pooled RR, 0.95). Computer searches were supplemented by examining reference lists and online contents of major surgery, anaesthesiology and intensive care journals and consulting intravenous fluid suppliers. Both investigators shared in determining the eligibility of candidate trials. The pooled RR for mortality was computed under a random effects model. Heterogeneity was evaluated by Cochran Q test and the I 2 statistic. Publication bias was assessed by rank correlation test [21] . The pooled RR was adjusted for publication bias by the trim and fill method [22] . That method has been widely used in meta-analyses, and in an empirical study utilising the FDA trial registry database as an unbiased gold standard, the adjusted effect size computed by trim and fill more closely coincided with the true value than did the unadjusted effect size [23] . The analysis was performed with Comprehensive Meta Analysis version 2.2.048 (Biostat, Inc., Englewood, NJ, USA).
Results and Discussion
The RCT selection process is outlined in (fig. 1 ). Two additional clinical trials were identified by this search [24, 25] : The first one was a double-blind randomised trial of 115 trauma patients at a single centre in South Africa (FIRST) [24] . Mortality data for that study [24] appeared in a separate report [26] . The second study was a doubleblind randomised trial of 196 patients with severe sepsis at 21 intensive care units in France and 3 in Germany (CRYSTMAS) [25] . The hypothesis that 6% HES 130/0.4 would allow earlier enteral nutrition and require significantly less resuscitation fluid than 0.9% NaCl was refuted in this study. There was also a trend towards higher incidence of renal failure in sepsis patients. Both studies reported a trend towards higher mortality in the HES groups. An updated meta-analysis adding those two trials [24, 25] to the 11 unretracted trials [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] included by Gattas et al.
[3] appears in (fig. 2) . More than half the total weight of evidence in the updated meta-analysis (51.3%) was contributed by the two new trials. Thus, those trials more than double the available evidence on mortality after HES 130/ 0.4 infusion. The pooled RR for mortality increased to 1.14 (CI, 0.89 to 1.46). Additionally, publication bias favoring HES 130/0.4 was present (p = 0.038). Such bias typically signifies exaggeration of benefit or underestimation of harm among smaller, less reliable trials. Adjustment for the observed publication bias by the trim and fill method further increased the RR for mortality to 1.25 (CI, 0.98 to 1.58; p = 0.069). One limitation of trim and fill is poor performance in the presence of significant heterogeneity. This, however, was not an issue with the updated meta-analysis as no heterogeneity was found (I 2 , 0%; CI, 0% to 32%; p = 0.81). One limitation of the meta-analysis is that many included studies were not designed to assess mortality, and the possibility of ascertainment bias cannot be dismissed. Furthermore, among the included trials different clinical indications such as surgery, sepsis and trauma were represented, and diverse crystalloids and colloids served as control fluids. Such differences are the rule rather than the exception in meta-analysis, however, and some degree of clinical heterogeneity is expected [27] . The lack of observed statistical heterogeneity suggests that the meta-analytic findings are robust and generalisable. Furthermore, by borrowing strength from multiple small trials this meta-analysis af-
Figure 2
Relative risk of mortality after HES 130/0.4 infusion in RCTs. Pooled relative risk adjusted for publication bias. For trials with more than one control group, data for the different control groups were pooled [8, 13] . In one trial with mortality reported separately for the first 24 hours and thereafter, the data for the two time periods were pooled [12] . Error bars indicate CI. Data points scaled according to meta-analytic weight. Abbreviations: CI, 95% confidence interval; HES, hydroxyethyl starch; RCT, randomised controlled trial.
Short communication
The quite strong indication of possible harm by use of 6% HES 130/0.4 resulting from our analysis is also reflected by a recently published report from a task force group of the European Society of Intensive Care Medicine [28] . In addition to the strong recommendation against the use of HES with molecular weight of ≥200 kDa and/or degree of substitution >0.4 ("older" HES solutions) in patients with severe sepsis or risk of acute kidney injury, they also suggested not to use 6% HES 130/0.4 ("newer" HES solutions) or gelatin in these populations. Their suggestion not to use 6% HES 130/0.4 was based on two meta-analyses and a recent systematic review that found inadequate and controversial clinical data to address the hypothesis that safety differences exist between ''older'' and ''newer'' HES solutions with different molecular weight and substitution ratio regarding renal function or blood loss [29] [30] [31] . In their consensus statement, the results of the two most recently published RCTs also identified by our search had been taken into consideration. HES 130/0.4 has achieved very widespread clinical acceptance. In one survey, for instance, HES 130/0.4 was found to be the colloid preferred by 81% of Scandinavian intensive care units [32] . Yet, according to a systematic review, the safety of HES 130/0.4 has not thus far been adequately assessed [33] . Based on their meta-analysis, Gattas et al. [3] concluded that the poor quality and small size of available studies do not allow the benefits and risks of HES 130/0.4 to be reliably estimated. The present update suggests that concerns about the safety of HES 130/0.4 may increase with the accumulation of further evidence. Indeed, adding to the concern are supplementary data from the CRYSTMAS study [25] included in new Prescribing Information for HES 130/0.4 available from the US Food and Drug Administration (www.fda.gov/downloads/BiologicsBloodVaccines/). A trend toward increased need for renal replacement therapy was observed in patients receiving HES 130/0.4, and in a Kaplan-Meier analysis the difference nearly reached statistical significance (p = 0.064). Additionally, the mean duration of renal replacement therapy was more than twice as long in HES 130/0.4 recipients as in the control group. The large-scale Scandinavian Starch for Severe Sepsis/ Septic Shock Trial (6S) [34] and the Crystalloid versus Hydroxyethyl Starch Trial (CHEST) [35] in intensive care unit patients should help determine more precisely the effect of HES 130/0.4 on mortality. In the interim, best current evidence suggests a trend toward higher mortality among HES 130/0.4 recipients.
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Figure 1
Process of RCT selection for the updated meta-analysis. Abbreviations: HES, hydroxyethyl starch; RCT, randomised controlled trial.
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